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DESIGN AND ANALYSIS OF A GRID-CONNECTED
PHOTOVOLTAIC POWER SYSTEM
1
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E-mail: jkishore9s@gmail.com, vldevi.eee@gmail.com

Abstract - A grid-connected photovoltaic (PV) power system with high voltage gain is proposed, and the steady-state model
analysis and the control strategy of the system are presented in this paper. For a typical PV array, the output voltage is
relatively low, and a high voltage gain is obligatory to realize the grid-connected function. The proposed PV system employs
a ZVT-interleaved boost converter with winding-coupled inductors and active-clamp circuits as the first power-processing
stage, which can boost a low voltage of the PV array up to a high dc-bus voltage. Two compensation units are added to
perform in the system control loops to achieve the low total harmonic distortion and fast dynamic response of the output
current. Furthermore, a simple maximum-power-point-tracking method based on power balance is applied in the PV system
to reduce the system complexity and cost with a high performance. At last, a 2-kW prototype has been built and tested to
verify the theoretical analysis of the paper.
Index Terms—Bidirectional power flow control, compensation units, direct current control, maximum-power-point-tracking
(MPPT) method, photovoltaic (PV) system, steady-state model.

I.

power conversion, grid interconnection, and control
optimization. Generally, gird-connected pulse width
modulation (PWM) voltage source inverters (VSIs)
are widely applied in PV systems, which have two
functions at least because of the unique features of
PV modules. First, the dc-bus voltage of the inverter
should be stabilized to a specific value because the
output voltage of the PV modules varies with
temperature, irradiance, and the effect of maximum
power-point tracking (MPPT). Second, the energy
should be fed from the PV modules into the utility
grid by inverting the dc current into a sinusoidal
waveform synchronized with utility grid. Therefore, it
is clear that for the inverter-based PV system, the
conversion power quality including the low THD,
high power factor, and fast dynamic response, largely
depends on the control strategy adopted by the gridconnected inverters. In this paper, a grid-connected
PV power system with high voltage gain is proposed.
The grid connected PV system includes two powerprocessing stages: a high step-up ZVT-interleaved
boost converter for boosting a low voltage of PV
array up to the high dc-bus voltage, which is not less
than grid voltage level; and a full-bridge inverter for
inverting the dc current into a sinusoidal waveform
synchronized with the utility grid. Furthermore, the
dc–dc converter is responsible for the MPPT and the
dc–ac inverter has the capability of stabilizing the dcbus voltage to a specific value. The grid-connected
PV power system can offer a high voltage gain and
guarantee the used PV array voltage is less than 50 V,
while the power system interfaces the utility grid. On
the one hand, the required quantity of PV modules in
series is greatly reduced. And the system power can
be controlled in a wide range from several hundred to
thousand watts only by changing the quantity of PV
module branches in parallel.

INTRODUCTION

Today photovoltaic (PV) power systems are
becoming more and more popular, with the increase
of energy demand and the concern of environmental
pollution around the world. Four different system
configurations are widely developed in gridconnected PV power applications: the centralized
inverter system, the string inverter system, the
multistring inverter system and the module-integrated
inverter system. Generally three types of inverter
systems except the centralized inverter system can be
employed as small-scale distributed generation (DG)
systems, such as residential power applications. The
most important design constraint of the PV DG
system is to obtain a high voltage gain. For a typical
PV module, the open-circuit voltage is about 21 V
and the maximum power point (MPP) voltage is
about 16 V. And the utility grid is 220 or 110 Vac.
Therefore, the high voltage amplification is
obligatory to realize the grid-connected function and
achieve the low total harmonic distortion (THD).
The conventional system requires large numbers
of PV modules in series, and the normal PV array
voltage is between 150 and 450 V, and the system
power is more than 500 W. This system is not
applicable to the module-integrated inverters, because
the typical power rating of the module-integrated
inverter system is below 500 W, and the modules
with power ratings between 100 and 200 W are also
quite common. The other method is to use a line
frequency step-up transformer, and the normal PV
array voltage is between 30 and 150 V. But the line
frequency transformer has the disadvantages of larger
size and weight. In the grid-connected PV system,
power electronic inverters are needed to realize the
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inductance and large commutation energy on the
primary switches. Therefore, the design of the
transformer is difficult and the converter’s efficiency
is I element converters are studied and developed,
which are attractive for potential higher efficiency
and higher power density than PWM counterparts.

Therefore, the proposed system can not only be
applied to the string or multi string inverter system,
but also to the module-integrated inverter system in
low power applications. On PV systems employing
neutral-point-clamped (NPC) topology, highly
efficient reliable inverter concept (HERIC) topology,
H5 topology, etc., have been widely used especially
in Europe. Although the transformer less system
having a floating and non earth-connected PV dc bus
requires more protection, it has several advantages
such as high efficiency, lightweight, etc. Therefore,
the non isolation scheme in this paper is quite
applicable by employing the high step-up ZVTinterleaved boost converter, because high voltage
gain of the converter ensures that the PV array
voltage is below50Vand benefits the personal safety
even if in high-power application.
II.

Omitting the effect of the leakage inductance and
applying the voltage second balance to the
magnetizing inductor, the voltage gain is given by
(1)
If the clamp capacitance is assumed large enough
and the voltage ripple on the switches can be ignored
when they turnoff, the normalized voltage stress of
the main switches is given by
(2)
Based on the previous assumptions, the partial key
waveforms of this converter are seen, which have
reached a steady state. And the following
approximations are given:

PROPOSED GRID CONNECTED PV

SYSTEM

ΔIf ≈ ΔIr = ΔI (3)
VLk1 ≈ VLk2 = VLk . (4)
The equation of the output voltage is always true by
the Kirchhoff voltage law
(5)
Where
and
, respectively, represent the
voltage of the second winding L1b and the voltage of
the third winding L2c .

Fig.1 Proposed grid-connected PV power system

Fig.1 shows the proposed grid-connected PV power
system with the ZVT-interleaved boost converter
with winding-coupled inductors and active-clamp
circuits. The winding-coupled inductors offer the
voltage-gain extension. The active clamp circuits
realize the ZVT commutation of the main switches
and the auxiliary switches. As shown in Figure, S1
and S2 are the main switches; Sc1 and Sc2 are the
active lamp switches; Do1 and Do2 are the output
diodes. The coupling method of the winding-coupled
inductors is marked by open circles and asterisks.
Each coupled inductor is modeled as the combination
of a magnetizing inductor, an ideal transformer with
corresponding turns ratio and a leakage inductor in
series with the magnetizing inductor. The proposed
converter, the full-bridge dc–dc converter is also
employed commonly as a similar first stage in the PV
system. However, for the high step-up gain
applications, the large current ripples of the primaryside switches increase the conduction losses, and the
secondary-side diodes need to sustain a high voltage
stress. Moreover, as a buck type converter, a large
turns ratio of the transformer is necessary to obtain a
high step-up gain, which induces a large leakage

Fig. 2. Partial key wave forms of the converter
As shown in above figure the voltages on the winding –
coupled inductors are decided.

(

)

=

(6)

Therefore, the above equations can be solved to
obtain the expression for the steady – state model of
the converter
–

= (N + 1)
(7)

Where
is the equivalent leakage inductance
of the winding coupled inductors, and , and
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of the inverter is almost sisusoidal but not a pure
sinusoidal some what of non fundemental frequecy
content is still appears in the wave form due to this
there is a chance of polluting the grid when we
sychronized with the grid. So that we have to filter
the harmonic content from the output of the inverter
with the help of a filter. In this proposed system I
used a 2nd order filter to filterout the harmonic
content from the output voltage. In this project a
voltage source is considered as a grid. The AC
Voltage Source block implements an ideal AC
voltage source. The generated voltage U is described
by the following relationship:

and R is the equivalent load of the
converter.
The main aim of a PV system is to maximize its
energy its energy yield. Issues such as low cost,
reliability, long life time (20 years and longer), high
(part – load) efficiency and good environmental
conditions (availability of solar radiation) are hence
of importance to the PV system. Other important
requirements for these PV systems are the fulfillment
of
standards
concerning
power
quality,
electromagnetic compatibility, acoustic noise
limitations as well as safety and protection
requirements. The high power converters such as the
multi level inverters are required for the better grid
connected PV system.

(8)
Where

,

Negative values are allowed for amplitude and
phase. A frequency of 0 and phase equal to 90
degrees specify a DC voltage source. Negative
frequency is not allowed; otherwise the software
signals an error, and the block displays a question
mark in the block icon.
IV SIMULATION
To confirm the theoretical analysis in the
previous sections, a 2-kW prototype of the proposed
grid-connected PV power system was built. Two
ZVT-interleaved boost converters of 1 kW are
connected in parallel via a dc bus through a central
inverter of 2 kWto the grid. The lower power dc–dc
converters are connected respectively to the
individual PV arrays, and the central inverter can
expand the power rate and reduce the system cost.

Fig. 3 Issues regarding grid connected PV systems

III MODELING OF SOLAR ARRAY
DC – DC boost convert is the combination of
MOSFETs , Mutual Inductances and Diodes.The
MOSFET device turns on when a positive signal is
applied at the gate input (g > 0) whether the drainsource voltage is positive or negative. If no signal is
applied at the gate input (g=0), only the internal diode
conducts when voltage exceeds its forward voltage
Vf.

Fig 5 Output Of The Solar Unit

Fig 4 Internal Diagram of the MOSFET

With a positive or negative current flowing
through the device, the MOSFET turns off when the
gate input becomes 0. If the current I is negative and
flowing in the internal diode (no gate signal or g = 0),
the switch turns off when the current I becomes 0.The
simulation block of multilevel inverter mainly
consists of IGBT, the full bridge inverter. The output

Fig 6. Output of The DC – DC Boost Converter
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system is less and reliability is high. As by using this
cascaded inverter, the requirement of high rated filter
is reduced which will further reduces cost,
complexity of the system and THD.
We can implement the whole by using DSP. In
future we can build one single block consists of PV
cell DC – DC converter and inverter rated for voltage
rating V. if suppose if the grid voltage is 5v we need
to cascaded 5 such a blocks.
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